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Silica Nanoparticles (SiNPs), due to its tunable properties and composition, meets the needs in specified applications. Rice 
Husk (RH), an agricultural waste, abundant in amorphous silica has its extensive application in various industrial products. 
However, the presence of impurities in RHs makes the extraction process difficult and optimum experimental conditions are 
needed to achieve maximum yield with specific properties for its specified applications. In this work, Rice Husk Ash (RHA) is 
prepared from RH by acid leaching followed by silica gel extraction from RHA via controlled pyrolysis at three temperatures 
(700°C, 750°C and 800°C). Pyrolyzed RHA is then dried and pulverized to get SiNPs. Characterization of SiNPs is done using 
UV-Vis Spectroscopy, X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM).  UV-Vis Spectroscopy and XRD 
analysis shows that the SiNPs extracted from RHA at 750°C exhibited the highest peak at 260 nm and 2θ=26° respectively and 
XRD and SEM analysis show that crystallite and particle size is in close agreement with each other. The optimum temperature 
being 750°C, silica gel formed at a pH 6 is more stable, transparent and thicker in comparison to the silica gel formed at varied 
pH. Moreover, the sodium silicate sample exhibits a bright green fluorescence and the intensity of fluorescence is higher for the 
sodium silicate prepared at 750°C range than at any other temperature. 
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Introduction 
Nano-sized particles (1–100 nm) ranging from metal 
to semi-conducting nanoparticles have diverse 
applications in varied fields such as industrial 
manufacturing, packaging, composite and ceramic 
materials, adsorption bio-sensing, drug delivery and 
other catalytic applications, where they are used as 
probes, carriers, labels, markers, coating materials, etc.1 
Although there are a variety of nanoparticles that can 
serve the above applications, silica nanoparticles finds 
a special place in the most preferred category due to its 
immensely large surface area to volume ratio, low 
toxicity, high chemical and physical stability, and 
straightforward surface chemistry, which allows them 
to be combined and functionalized with a variety of 
functional species or molecules.2 Different methods for 
the synthesis of SiNPs includes precipitation from 
sodium silicate, sol-gel method, template synthesis, 
synthesis using emulsions, bio-inspired methods, 
gelation techniques, freeze drying, etc., among which 
precipitation from sodium silicate is the most efficient 
in case of the synthesis of amorphous silica. 
Silica is generally found in two forms; crystalline 
and amorphous. However, the fraction of amorphous 
silica is quite high in plant biomass. Plant biomass such 
as bagasse and rice husk (RH) comprises almost 80–
95% amorphous silica in nature. Rice husk on burning 
produces rice husk ash (RHA), which comprises 80–
90% of silica, which can either be amorphous or 
crystalline depending upon the processing conditions.3 
The optimum conditions for the preparation of 
amorphous silica differs depending upon the variety 
and the breed of rice husk. Hence, it is crucial to find 
the optimum conditions and the mineral acids to be 
used to get a maximum yield of silica from RH with 
the required specifications for its application. In this 
study, we have focused our effort on preparing pure 
and stable SiNPs from RHA using precipitation from 
sodium silicate method. 
 
Materials and Methods 
 
Experimental Materials 
Rice husk (RH) used in this study is collected from 
nearby rice mill, Fortune Rice Limited, located in G B 
Nagar, Uttar Pradesh. The rice husks belonged to the 
variety Basmati-1121. High quality hydrochloric acid 
(HCl), sodium hydroxide (NaOH) was purchased from 
Sigma-Aldrich and Fisher Scientific. A laboratory mini 
muffle furnace and a hot air oven are used. 
 
Sample Pre-Treatment 
Rice husk being an agricultural waste must 
undergo some pre-treatment to remove impurities. 
————— 
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Once the RH was washed with distilled water to 
remove any dirt and metallic impurities, it was washed 
with 30% hydrochloric acid (HCl). The comparison of 
silica yields with different acid treatment is given in 
Table 1, which shows 30% HCl acid wash is most 
efficient. Acid-leaching of 50 g of RHs with 30% of 
HCl at 100°C for 2 hrs, removes the metallic impurities 
from RH. The acid-leached RH samples were dried at 
100°C overnight in a hot air oven. 
 
Preparation of Rice Husk Ash (RHA) 
The dried RH was pyrolyzed in a muffle furnace at 
three different temperatures, i.e. 700°C, 750°C and 
800°C for 3 hrs. Pyrolysis was done to remove all the 
other organic impurities like, cellulose, hemi-cellulose 
and lignin from the RHs.4 The temperature for 
pyrolysis was varied to observe the effect of pyrolysis 
on the silica yield and to find the optimal temperature 
for SiNPs extraction. After pyrolysis for 3 hrs, a 
whitish ash was observed which is known as the rice 
husk ash (RHA).  
 
Preparation of Sodium Silicate Solution 
Rice husk ash contained silica, which was extracted 
using sodium hydroxide (NaOH) solution. Hence, 5g 
of RHA prepared is boiled with 100 ml of 1M NaOH 
for 2hrs, so that the silica in the RHA is converted to 
sodium silicate (Na2SiO3). The boiled solution was 
cooled down at room temperature followed by 
filtering to remove the floating impurities in it. 
 
𝑆𝑖𝑂 + 2𝑁𝑎𝑂𝐻 → 𝑁𝑎 𝑆𝑖𝑂 + 𝐻 𝑂 
 
Preparation of Silica Nanoparticles 
The filtered sodium silicate solution was treated 
with 1N HCl to convert the sodium silicate solution 
into silica gel. To 1N HCl, sodium silicate solution 
was added drop by drop till the pH of the solution 
touched 6. 
 
𝑁𝑎 𝑆𝑖𝑂 + 2 𝐻𝐶𝑙 → 𝑆𝑖𝑂 + 2𝑁𝑎𝐶𝑙 + 𝐻 𝑂 
 
This solution at pH 6 starts transforming into a 
transparent gel and was kept at rest undisturbed for 48 
hours, so that stable gel is formed. After 48 hours, the 
gel was centrifuged at 3500 rpm for 30 min, to get a 
solid gel. The centrifuged gel was washed with 
distilled water 3–5 times to remove any sodium ions 
from the gel. The so-formed silica gel was dried at 
200°C for 4–5 hours in a hot air oven till the silica gel 
turns into a dry white chalk like material. 
 
Yield of Silica Gel 
 
% 𝑌𝑖𝑒𝑙𝑑 =
𝑆𝑖𝑙𝑖𝑐𝑎 𝐺𝑒𝑙 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 (𝑔)
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑅𝐻𝐴 𝑢𝑠𝑒𝑑 (𝑔)
× 100 
 
Once the silica gel was well dried, it was 
pulverized for 30 min in an Agate Mortar and Pestle 
pulverizer. The yield was found to be 91.82% for the 
silica gel extracted from RHA pyrolyzed at 750°C. 
The yield of silica gel extracted from RHA pyrolyzed 
at 700 and 800°C was found to be 87.02% and 
87.94% respectively. Hence, it is evident that the 
maximum silica gel yield was obtained when it was 
extracted from the RHA pyrolyzed at 750°C. 
 
Characterization of RHA, Sodium Silicate Solution, Silica Gel 
and SiNPs 
The amorphous structures of RHA prepared at three 
different temperatures (700°C, 750°C and 800°C) and 
the as-extracted SiNPs were examined by a Discover 
D-8 XRD instrument. The NP size of the as-extracted 
SiNPs was examined through SEM (Scanning Electron 
Microscope) analysis. The UV-illumination analysis of 
the sodium silicate solution was done using a JY 02S 
UV-Trans illuminator. The concentration for sodium 
silicate solution was 100 µl/L of water. 
 
Results and Discussion 
 
UV-Vis Spectroscopy Analysis for the Effect of Temperature 
on Sodium Silicate Solution 
The as-prepared sodium silicate solution from 
RHA having different pyrolysis temperature was 
characterized using UV-Vis spectroscopy for 
observing the effect of varied pyrolysis temperature 
on sodium silicate. Visible humps for all the sodium 
silicate samples prepared at varied pyrolysis 
temperature are shown in Fig. 1(a). At wavelength 
260 nm, it was observed that sodium silicate prepared 
at 750°C gave higher absorbance with a more 
prominent hump compared to the other samples, 
indicating higher yield of SiNPs at 750°C. 
 
XRD Analysis for RHA vs Silica Nano-particles 
The XRD micrographs of RHA pyrolyzed at 700, 
750 and 800°C are shown in Fig 1(b) and that of their 
Table 1 — Silica yield under different acid leaching at different 
temperatures of pyrolysis 
Acid leaching Yield at different pyrolyzing 
temperature 
Types of Acid Acid conc. 700°C 750°C 800°C 
HCl 10% 52.18 68.27 49.21 
30% 87.02 91.82 87.94 
H2SO4
 
10% 42.38 36.51 19.63 
30% 23.51 14.85 8.78 




derived nanoparticles are shown in Fig. 1(c). The 
RHA pyrolyzed at 700°C and 800°C showed almost 
an equal peak with almost an equal intensity, whereas 
the silica nanoparticles extracted from RHA 
pyrolyzed at 750°C gave the highest peak at 26°. The 
inter-planner distance (d) corresponding to the highest 
intensity peak of 26° is 3.423 Å.  It is evident from 
the XRD results that the major part of the sample is 
amorphous with suppressed intermittent crystallinity. 
The approximate crystallite size of SiNPs obtained 
from the pyrolysis at 700°C and 800°C is around 22 
nm whereas approximate crystallite size of SiNPs 
obtained from pyrolysis at 750°C is around 5 nm. 
Consequently, it can be said that 750°C is the optimal 
temperature for RHA pyrolysis to produce the SiNPs 
of the smallest crystallite size. Further, XRD for 
SiNPs obtained from pyrolysis at 750°C indicates 
about crystal structure phase transition around 750°C 
that is currently under investigation. 
 
Scanning Electron Microscopy (SEM) Studies for SiNPs 
The structure of the as-extracted SiNPs was 
examined under scanning electron microscope (SEM). 
The 40X magnified SEM image of the as-extracted 
SiNPs from RHA pyrolyzed at 700, 750 and 800°C, 
respectively are shown in Fig. 2(a), (c) & (e) and that 
of 50X magnified SEM images are shown in Fig. 
2(b), (d) & (f) respectively. The SEM images show 
that all the samples have the particle size ranging 
from 60 to 140 nm. According to the literature, SiNPs 
of 50–200 nm particle size are regarded as 
mesoporous.1 Thus, we can say that the SiNPs 
extracted are mesoporous SiNPs. The cluster of SiNPs 
extracted from RHA pyrolyzed at 700°C, 750°C and 
800°C gives SiNPs of the size range 83–85 nm, 60–78 
nm and 80–120 nm, respectfully. The cluster of SiNPs 
extracted from RHA pyrolyzed at 750°C was 
observed to have much smaller size than the other 
samples. It can be clearly seen from the SEM results, 
that when the SiNPs are prepared at pyrolyzing 
temperature of 700°C, the RHA are not completely 
pyrolyzed leaving impurities and hence responsible 
for the formation of poor silica gel and when it is 
pyrolyzed at 800ºC, the agglomeration of SiNPs 
happen which can be clearly observed in SEM micro 
graph. Mesoporous SiNPs extracted has its 
application in drug delivery and waste water treatment 
and are so far giving positive results in the field of 
bio-medicine and environmental engineering.  
 
Photoluminescence (PL) Analysis 
The as-prepared sodium silicate solution is 
illuminated under UV light to check its fluorescent 
characteristics. When a 100 ml glass beaker 
containing approximately 10–15 ml of sodium silicate 
solution was kept inside a UV-illuminator, a greenish 
blue bright light wais observed. When the sodium 
silicate  solution  is  excited  at  300 nm, it gives  an 
 
 
Fig. 1 — (a) UV-Vis spectrum for the sodium silicate solution,
(b) X-Ray Diffraction (XRD) micro graph for RHA, (c) X-Ray 
Diffraction (XRD) micro graph for Silica nanoparticles prepared 
at 700◦C, 750◦C and 800◦C pyrolysis temperatures 




emission wavelength with a peak at 524 nm as 
shown in Fig. 3, which falls within the green color of 
electromagnetic wavelength range. It also proves 
that the SiNPs extracted are hydrophobic in nature, 
since hydrophobic materials are said to have 
emission spectra in the green wavelength range. 
Moreover, as a novel work, the fluorescence 
property of sodium silicate can be used as a marker 
to track the mechanism of whichever material it is 
attached to. 
 
Fig. 2 — SEM micro graphs of silica nanoparticles extracted from RHA pyrolyzed at (a), (b)700°C; (c), (d) 750°C; (e), (f) 800°C 





In this study, mesoporous SiNPs are extracted from 
acid leached RHA pyrolyzed at three different 
temperatures (700, 750 and 800°C). Temperature at 
750°C is found to be optimal temperature for RHA 
pyrolysis to produce SiNPs having smallest crystallite 
size of around 5 nm as well as smallest particle size of 
the range 60–78 nm. Maximum silica yield of 91.82 
% was obtained at 750°C. It was also found out that 
silica gel formed is most stable at pH 6. Further, the 
sodium silicate solution was observed to have optical 
properties giving a bright green luminescence. The 
bright green photo luminescence of SiNPs represents 
the hydrophobic nature4 of the as-extracted SiNPs.  
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Fig. 3 — Photoluminescence (PL) micro graph 
 
